Trans-4,4' -dichlorostilbene (DeS] was synthesized according to Lutz and Murphey (13) from 56 g p-chlorobenzaldehyde and the Grignard reagent of 24 g Mg and 75 g p-chlorobenzylchloride. The impure, oily 1,2-di(p-chlorophenyl)ethanol was heated with 1 ml of 48 °/o hydrobromic acid for 15 minutes at about 230° C. The neutral portion of the reaction product was chromatographed on aluminum oxide (Woelm, neutral, activity 11) and the DeScontaining fraction was rechromatographed. This purified DeS was recrystallized from toluene. The overall yield was 52 Ofo and the melting point 176.5-177° C. All purification steps as well as analytical procedures for the determination of insecticides were undertaken in a laboratory illuminated by yellow light (no radiation below 450 m~J.). Reference compounds and materials for the analyses were stored in brown bottles.
Cis-4,4' -dichlorostilbene [ cis-DCS]
Preliminary studies revealed an "aging effect" for tranS-4A'-dichlorostilbene (DeS]. This effect is observed for DeS-solutions with or without exposure to oxygen under the influence of sun-light and of light from fluorescent tubes but does not occur in yellow light. "Aged" DeS- Infra-red absorption spectra in KBr (0.625 1 /o) A Trans-4,4'-dichlorostilbene B Cis-4,4'-dichlorostilbene solutions show a new peak in their gas chromatogram and one may' assume that this reflects a photoisomerization of trans-DCS to cis-DCS, similar to that known to occur with transstilbene (2) . Figure 1 presents the isomerization-time curve of o.o5 molar DCS methanol solution.
The measurements are based on gas chromatographic analysis.
For the isolation of the newly formed compound a 200 ml methanol solution of 1.0 g of purified trans-DCS in a closed Erlenmeyer flask is exposed to sun-light until about 480fo of the starting material has disappeared in the test gas chromatogram. This solution is evaporated to dryness and extracted once with 50 ml and subsequently with 10 ml propanol-2. The extract is concentrated to about 20 ml and is chromatographed on a column filled with 100 g Sephadex LH-20 (Pharmacia, Uppsala, Sweden). The separation from the trans-DCS is achieved isothermally with water of 32° C circulating through the glass jacket of the chromatography column. For elution, the flow rate of propanol is regulated at about 3 ml per hour. When about So ml solvent have passed the column, the newly formed compound is eluted. It is clearly separated from the trans-DCS, which appears only after elution of 150 ml propanol. (Separations on deactivated alumina do not give a satisfactory resolution, and partially. reconvert the new compound into the trans-form.) The residues of the filtered column fractions are recrystallized from methanol at 12° C. After. drying, the new compound (350 mg) has a melting point of 26-28° C and its C,H,Cl-values correspond to those of a 4,4'-dichlorostilbene. The elementary analyses were carried out by the Spang Microanalytical Laboratory, Ann Arbor, Michigan.
The configuration of cis-4,4'-dichlorostilbene is proved by· a comparison of its infrared absorption spectrum with that of its trans-isomer (Fig. 2) . The latter compound has a typical transethylene absorption band at 979 cm-1 , whereas the new compound has two bands {780 and 876 cm-1 ) as expected for a cis-stilbene {3,4).
Cigarette Tobacco
The tobacco of U. S. blended nonfilter cigarettes of 85 mm length and an average weight of 1.085 g per cigarette is dried to constant weight. over calcium chloride and is extracted with dry benzene in a soxhlet. Analytical studies revealed a complete extraction of chlorinated insecticides during 48 hours. The residue obtained after 48 hours of . extraction amounts to· about 12 °/o of the fresh, undried tobacco.
Cigarette Smoking
The cigarettes are conditioned in a hu?lidity chamber, selected by weight and smoked under conditions previously reported (9). Smoking is done on single cigarette channels and the smoke is drawn through a trap immersed in dry ice-acetone and through a 250 ml gas wash bottle with 50 ml distilled water. Fifty cigarettes are smoked for each analysis.
Internal Standard
Seven micrograms of highly purified 1,1,1-trichloro-2,2-bis(p-chlorophenyl-C14 
Concentrating of Chlorinated Insecticides
In order to enrich the chlorinated insecticides from the tobacco extract or tobacco smoke condensate the starting material plus internal standard are dissolved in methanol, water (4 :1) and cyclohexane and are filtered. The lower layer is twice more extracted with an equal volume .of preequilibrated upper phase. The combined upper phases are evaporated to dryness and B Column chromatography separation
Column chromatography on alumina (rei. act. 11) (4,000 g) 1,000 ml n-hexane dissolved in n-hexane and acetonitrile. After separating of the layers, the upper phase is extracted three more times with preequilibrated acetonitrile. The combined acetonitrile layers are concentrated in vacuo and distilled water is added to this concentrate until a 4 :1 acetonitrile water solution is reached. This phase is subsequently extracted four times with preequilibrated n-hexane. The partition coefficients of nine chlorinated hydrocarbons are given in Table 1 .
Since test runs demonstrated that deactivated alumina does not dehydrochlorinate ODD, DOT, and their isomers, aluminum oxide (Woelm, neutral, activity Il) was used for the column chromatography in order to enrich the chlorinated insecticides. N-hexane and n-hexane, benzene were utilized as elution solvents. Since an electron capture detector has a high sensitivity for chlorinated hydrocarbons, especially for chlorinated insecticides ('"" 1o-12 g), samples of 1 ill or even less of the column fractions suffice for the gas chromatographic identification of the chlorinated hydrocarbons. An example of the enrichment of insecticides from cigarette smoke condensate is outlined in Figures 3 and 4· This large scale separation was necessary for the isolation and identification of individual chlorinated hydrocarbons. 
Gas Chromatography
For the quantitative analysis of chlorinated hydrocarbons in the colullll). chromatography endfractions, we utilize a gas chromatograph with an electron capture detector (Varian AerographSeries 1.200 with a tritiated titanium foil as source). The best separations of the chlorinated hydrocarbons in cigarette smoke can be achieved by using an about 1. For isolating and identifying insecticides and other chlorine containing agents· in the chromatography fractions we use a Perkin-Elmer gas chromatograph Boo with hydrogen flame ionization detector and glass splitter with a 4 ::1. ratio. The actual separation is achieved on a o.6 cm glass column of .2 m length, which is filled with the stationary system described above. With this setting it is guaranteed that the injected material after passing the injection block will not contact metal parts of the instrument.
Identification of Insecticides
Those components of the column chromatography fractions that elicit a significant response of the electron capture detector are collected in capillary glass tubes. Owing to the splitter ratio 8o 0 /o of the separated material can be obtained in this manner. A specific component in the effluent may have to be collected between 3-:1.0 times, depending on its concentration in the injected solution, in order to yield sufficient material for mass spectrometric analysis. The mass spectra were carried out by the Morgan-Schaffer Corporation in Montreal, Canada, with a Hitachi Perkin-Elmer R.M.U.-60 instrument. ·
RESULTS

Qualitative Analysis
For the gas chromatographic identification of chlorinated insecticides we used individual column chromatography endfractions ( Fig. 3 and 4 ) and combined aliquots of the fractions ( Fig. 7 and 8 ).
The isolation of these components was achieved by separately injecting the endfractions into the gas chromatograph with a 4::1. splitter and ionization detector. The combined effluents of :;-10 runs corresponding to a given peak were collected in glass capillaries and then used for mass spectrometric analysis. The relative abundance of the :;, 4, 5 or 6 parent ions for each Cl-component as given by the isotope distribution of CI85 and Cl87 (:1.7) are used for determining the number of Cl-atoms in the molecule, and its molecular weight. These data, the fragmentation pattern in the mass spectra and the gas chromatographic data served for the identification of individual components in cigarette smoke and cigarette tobacco. In this manner we identified DDT, DDD and DDM as well as o,p-DDD (Figures 9-12 ). Two peaks in the gas chromatograms were identified as admixtures. These were DCS plus DDE (Fig. : r.:;), and m,p-DDD plus o,p-DDT (Fig. :1.4) . The ratio of the first pair could be determined by taking a sample from the gas chromatographic separation and by preparation of ultraviolet absorption spectra (Fig. 15 ) and gas chromatograms of their aliquots. The first method gives the quantity of DCS, the second method the amount of DCS plus DDE. Thus, the concen- given by DCS, the remainder by DOE. ODD, DOT and their isomers give only low abundances for their parent ions, indicating relatively low stability of these components at increased temperatures. In the case of DOT the relative abundances of the parent ions after collecting the material corresponding to the DOT -retention time were lower than those of purified DDT obtained by recrystallii:ation (Fig. 9 ). This observation indicates that the partial dehydrochlorination occurs on the column material itself. Pure DOT, however, could be isolated from a column fraction of a large sample (Fig. 3 and 4) by chromatography on Sephadex LH-20 at 32° C with propanol-2 as elution solvent. Exhaustive efforts to isolate endrin from tobacco or from the smoke samples were fruitless. The qualitative and quantitative findings for chlorinated insecticides in tobacco are summarized in Table 3· As can be seen in Table 4 , BI contains only a certain proportion of these insecticides since originally the whole separation scheme was based solely on the requirement to concentrate the polynuclear aromatic hydrocarbons (P AH) of cigarette smoke condensate in one fraction.
Quantitative Analysis
This fraction naturally contains also components other than P AH, but if some of these are quantitatively enriched in BI, this is incidental.
The concentration of chlorinated insecticides in one fraction for the gas chromatographic analysis was accomplished with losses between 10-20 °/o. 54.1 29. 6 2.4
• Calculated from the results in Table 2 . from laboratories illuminated with yellow lamps, was identified as cis-4,4'-dichlorostilbene and its occurrence in tobacco smoke condensate must be considered an artefact due to "aging", or, more appropriately, photoisomerization.
FIGURE 16 (Experimental conditions-see legend la figure 7 .)
2.11 DISCUSSION A blended U.S. cigarette tobacco dating from 1967 contains ODD, o,p-DDD, m,p-DDD, DOT, and a trace of the ODD-dehydrochlorination product DDM. Despite exhaustive search we were unable to identify endrin, another tobacco insecticide frequently used in the past on tobacco. This result stands in contrast to earlier findings, however, it should be recalled that according to a 1964 regulation of the U.S. Department of ·Agriculture, endrin is banned for the use in domestic tobacco (20) . The mainstream smoke contains not only the insecticides already present in the tobacco, but a significantly higher concentration of DDM and ODE, as well as trans-4A' -dichlorostilbene [DCS] . DDM respectively DOE are formed by dehydrochlorination of ODD and DOT. It appears not unlikely that DCS is formed from ODD and DOT in the reducing environment of the burning cone of a cigarette. This hypothesis is supported by the isolation of DCS as a reduction product of DOT and ODD in ethanolic hydrochloric acid (4). Li pyrolyzed 1,1-diphenylethane in nitrogen at 6oo-700° C together with a dehydrogenation catalyst (Ni or ZnO) and isolated stilbene as a rearrangement product of the starting material (1.2). Ramat-Lucas and Amagat pyrolyzed 1,1-diphenylethylene on siliceous earth and isolated stilbene (16) . Based on these data it appears likely that in the burning cone of a tobacco product DOT and ODD are partially dehydrochlorinated, hydrogenated and rearranged to tranS-4A'-dichlorostilbene. However, this hypothesis needs to be substantiated by further pyrolysis experiments. 'In view of the experienced photoisomerization of trans-DCS, it is conceivable that cis-4,4'-DCS may undergo further photorearrangements and photooxidations. We are currently investigating this possibility. Our interest in chlorinated hydrocarbon insecticides has been motivated by their presence in the tumorigenic subfraction BI of cigarette smoke condensate. Recently, there has been some concern about the possible importance of chlorinated insecticides in tobacco carcinogenesis (18) . It has been suggested that the liver detoxification of PAH by hydroxylation is inhibited by insecticides and thus the exposure of the target organs to the carcinogenic hydrocarbons is increased (6). However, our experiences indicate that such a mechanism is not likely to play a role in mouse skin carcinogenesis. A direct effect of insecticides on the epithelial cell constituents appears to us the more obvious one. We are investigating such a possible influence in ongoi~g studies. At present we know of no evidence which indicates a contributing role of chlorinated insecticides to experimental tobacco carcinogenesis.
SUMMARY
An analytical method was developed for the qualitative and quantitative determination of chlorinated hydrocarbon insecticides in tobacco products. It is based on three consecutive distributions, followed by column chromatography on deactivated alumina. This procedure leads to a degree of enrichment which allows the direct assessment of the insecticides by gas chromatography.
For the isolation and identification of the individual components the column chromatography endfractions are separated by gas chromatography and collected from the effluent of the column. These materials are used for mass spectrometric analyses. For the quantitative analyses DDT-C14 is used as internal standard and the amount of insecticides is determined with the aid of a gas chromatograph with electron capture detector. In 1.0 g cigarette tobacco were found 1. 
